Backround. Deep skin burn injuries, especially those on the face, hands, feet, genitalia and perineum represent significant therapeutic challenges. Autologous dermo-epidermal skin grafts (DESG) have become standard of care for treating deep burns. Additionally, human autologous thrombin activated autologous platelet concentrate (APC) has gained acceptance in the setting of wounds. While each of these interventions has been independently shown to accelerate healing, the combination of the two has never been evaluated. We hypothesized that the addition of platelets (source of growth factors and inhibitors necessary for tissue repair) to the DESG (source of progenitor cells and of tissue proteases necessary for spatial and temporal control of growth regulators released from platelets) would create the optimal environment for the reciprocal interaction of cells within the healing tissues. Methods. We used clinical examination (digital photography), standardised scales for evaluating pain and scarring, in combination with blood perfusion (laser Doppler imaging), as well as molecular and laboratory analyses. Results. We show for the first time that the combination of APC and DESG leads to earlier relief of pain, and decreased use of analgesics, antipruritics and orthotic devices. Most importantly, this treatment is associated with earlier discharges from hospital and significant cost savings. Conclusions. Our findings indicate that DESG engraftment is facilitated by the local addition of platelets and by systemic thrombocytosis. This local interaction leads to the physiological revascularization at 1-3 months. We observed significant elevation of circulating platelets in early stages of engraftment (1-7 days), which normalized over the subsequent 7 and 90 days.
INTRODUCTION
Despite significant recent advances in wound care, therapeutic outcomes are often functionally, psychologically and cosmetically unacceptable. No solutions have been found to address the prevalence of severe scar hypertrophy, joint contractures, peripheral neuropathy, or systemic temperature dysregulation. At present, standard of care for treating deep burns consists of surgically excising necrotic tissue (necrectomy), followed by dermoepidermal skin autografting.
The use of autologous platelet concentrates (APC) is well established [1] [2] [3] [4] [5] , and there is ample evidence that platelets facilitate various wound healing processes such as chemotaxis 6 , recruitment of progenitor cells 7 , proliferation 8 , angiogenesis 9 , and inflammation 10 . We have previously published evidence that APC is beneficial in the treatment of chronic ischemic ulcers, and can lead to limb salvage in the most severe cases 1 . Evidence suggests that platelets actively and selectively sequester angiogenesis regulators 11 , and differentially release inhibitors and stimulators of angiogenesis 12, 13 . This differential release of stimulators and inhibitors of angiogenesis from platelets is conditional on a direct platelet/stroma interaction. Similarly, the benefits of DESG are well-documented, even though no explanation is available for the excessive cicatrization that often accompanies the use of DESG. It can be thus surmised based on emerging evidence that a direct reciprocal interaction of platelets and wound matrix must occur for optimal tissue regeneration 14, 15 . Moreover, we hypothesize that the combination therapy of DESG and activated platelets may be more efficacious than either individual modality. Thus, the goal of this study was to evaluate, whether the combination of DESG (a surrogate for cellular therapy) and platelet concentrate (a surrogate inflammatory modulator) leads to development of stable, non-hypertrophic scarring; thereby, preventing pain and shortening hospitalization.
Evidence suggests that platelets actively and selectively sequester angiogenesis regulators 11 , and differentially release inhibitors and stimulators of angiogenesis 12, 13 .We explored the molecular determinants of this interaction in the present study by directly correlating physiological (laser Doppler perfusion imaging), clinical (pain scale, Vancouver scar scale and ratio of healed/total grafted area), and morphological (immunohistochemistry and epithelialization) evaluations to specific clinical endpoints such as time to wound closure, frequency of infections, inflammation and scarring.
MATERIALS AND METHODS

Selection of subjects and determination of areas to be grafted
Consecutive patients with second or third degree burns seen at the Burn Centre of University Hospital Ostrava, between January 2009 and November 2010, were approached for participation in the study. The study was registered on clinicaltrials.org under the number NCT01383187, and was approved by the Institutional Review Board (IRB-No16/b2008 on April 30 th , 2008). All 18 patients who agreed to participate (9 men, 9 women) consented according to institutional guidelines, and received standard therapy, which included surgical excision of devitalised tissue, dermo-epidermal skin auto transplantation, analgesia, and wound care. The additional local application of APC to the DESG before wound application was tested for improvement over standard care.
The timing of surgery was based on real or expected clinical progression. Determination of surgical management necessity was based on daily clinical examination as well as laser Doppler perfusion imaging (LDPI) every second day for up to 7 days. Any IIb-degree burn traumas, which were not expected to heal within 21 days, and all third degree burns, were grafted with DESG.
Surgical Procedure
A radical excision of nonviable tissue was done just prior to grafting using tangential or fascial excision of necrotic tissues. DESG (split thickness skin grafts) were obtained using electric dermatome (Nouvag, Switzerland or Aesculap, Germany) from the thigh. After positioning of the DESG, it was spray-coated with APC and human autologous thrombin using a SmartJet applicator Harvest Technologies Inc, Plymouth, USA). After 20-30 seconds to allow gelling, the area was covered with Surfasoft foil (Taureon, Netherlands) and the dressing was fixed with disposable skin staplers at the margins. To prevent drying of the foil, a layer of gauze moistened with saline was applied before the final top layer of elastic roller bandage (Panep, Czech Republic).
Preparation of the APC
The APC was prepared using the Harvest SmartPRep Platelet Concentrate System [Harvest Technologies, Plymouth, MA, USA] as described previously 16 . Preparation of autologous thrombin: briefly, peripheral venous blood was obtained under aseptic conditions by venipuncture just prior to the surgery. The first 9 mL of venous blood collected into 1 mL ACD-A anticoagulant [Harvest Technologies] primed syringe and allowed to stand for 45 min at room temperature. This was centrifuged at 1000 RPM for 15 min, filtered using the set provided by Harvest technologies. During the 45 min incubation, 60 mL of venous blood was collected for preparation of APC. The 60 mL of venous blood along with the 6 mL of ACD-A (1:10 dilution) was put into the separator chamber and the gradient density centrifugation using the Harvest Technology System for 15 min at 1000 RPM was provided. After finishing the process of centrifugation we kept at disposal the 3 mL of autologous thrombin and 10 mL of aoutologous platelet rich plasma. On average, 10 mL of APC can cover ∼ 4% of the total body surface area. The direct spray application of the APC and the autologous thrombin was done using the SmartJet applicator [Harvest Technologies, Plymuth, MA, USA].
Hematological, biochemical, and cytokine analyses
Hemoglobin concentration, a full white blood cell differential, platelets count, mean platelet volume, platelets distribution width and immature platelets fraction were evaluated in whole blood, platelet rich plasma and platelets-depleted plasma prior to surgery, and at 7, 14, and 90 days (Table 3) . Prothrombin time, activated partial thromboplastin time, thrombin time, and fibrinogen were measured on a SYSMEX CA 7000 automated analyzer prior to surgery, and at 7, 14 and 90 days. Measured hematological values were compared to clinical ranges of normal values. Biochemical analysis such as liver function tests (ALT, AST, GGT) and inflammatory indexes (C-reactive protein), and analysis of cytokines by means of ELISA (BioVendor -Laboratorni medicina, Czech Republic) were performed according to standard procedures supplied by the manufacturer.
Histopathology analysis
Burn eschar, DESG alone, and DESG/APC specimens were fixed by immersing in 10% formalin and processed in the Clinical Pathology lab. After alcohol-xylene dehydration and automated paraffin embedding, 2-4 µm sections were cut and mounted on a glass microscope slides before staining with hematoxylin/eosin. The DESG and DESG/APC specimens were also stained by immunohistochemistry for PDGF, VEGF, bFGF, and SDF1, using monoclonal anti-PDGF, (BioGenex, San Ramnon, USA), polyclonal rabbit anti-VEGF (DakoCytomation), polyclonal mouse anti-PDGF-B (BioGenex) with secondary chromophore staining red (DakoCytomation) and brown (EXBIO). A senior clinical pathologist completed the final pathological examination in a blinded fashion.
Laser Doppler perfusion Imaging (LDPI)
A Perimed PIM3 laser Doppler perfusion imager was used to assess tissue perfusion in the burn region. The method employs color-coded mapping of skin perfusion using a laser beam to detect velocity and volume of red blood cells 17 , and the evaluations were made pre-operatively, every second day for 2 weeks post operatively, and then at 1, 3, 6, 12 months.
Graft Evaluation
Viability: A visual analogue scale for graft viability was developed at our centre and consisted of the following scores: i) graft color (scale 0-3), where 0=pink, 1=pale, 2=livid (dark purplish, hyperperfused, +/-secretions), 3=necrotic; graft fixation to wound bed (scale 0-2), where 0=entire graft is fixed, 1= areas of incomplete fixation, 2=total lack of fixation; secretions (scale 0-3), where 0=no secretion through the fenestrations, 1=serous secretions, 2=seropurulent secretions, 3=purulent secretions. The evaluations were made every second day for 2 weeks post operatively, and the best total score was 0.
The Vancouver Scar Score Scale has been validated recently and uses pigmentation, vascularity, pliability and height of the scar in its scoring system 18 . The best total score is 0 (range 0-14). The scores were determined at 1, 3, 6, and 12 months.
Degree of Epithelialization Scale (0-3) was developed in our centre, and evaluations were made every second day for 2 weeks post operatively. The optimal total score is 0 (visual evidence of complete epithelialization of fenestrations) and the worst score is 3 (no evidence of epithelialization).
The scale to evaluate rate of healing was also developed at our centre, and is as follows: Percentage of burned area (affected area/total body surface) was estimated upon arrival using Dubois evaluation of total body surface of the patient. The area covered by the graft was considered 100%, and other areas, where the application of a graft was not necessary, were not included in this evaluation. Each area was assigned a value between 0 and 6 to indicate the percentage of healing, where 0=100%healed, 1>99%, 2>95%, 3>90%, 4>80%, 5>60%, and 6<60%. The evaluations were made every second day for 2 weeks post operatively.
Pain evaluation
Visual Analog Pain Scale (VAPS; best total score=0), which has been standardized for clinical application previously 19 , was used for evaluation one day prior to grafting and every second day for 2 weeks post operatively.
Graft Pruritus
Visual analog pruritus scale (VAPrS) has been standardized previously 20 . Scoring ranges from between 0-10, with 0 indicating total lack of pruritus and and 10 most severe pruritus. Evaluations were made one day prior to grafting and then every second day for 2 weeks post operatively.
Data analysis
Initial statistical analysis was conducted using IBM SPSS, version 18 for Windows (ACREA CR, Inc.). All reported P-values are two-sided, and only P-values less than 0.05 were considered statistically significant. Continuous variables are reported as mean ± standard error of means (SEM), categorical variables as frequency and percentage. Standard distribution of the data could not be assumed due to small sample size, and the changes of hematological and biochemical parameters over time (prior to surgery, day 7, 14, 90 post surgery) were analyzed using non-parametric, related samples Friedman's two way analysis of variance by ranks with all pair wise multiple comparisons. Mathematical statistics was not the best tool for analysis of the data because (1) the sample size was only 18; (2) there was a high inherent inter-individual and intra-individual variability; (3) the data probability distributions were non parametric; (4) they were highly heterogeneous, and (5) the "outliers" contained very valuable information, that would have been missed if standard statistical tests were applied. We therefore used non-statistical methods based on mathematical gnostics. The method incorporates: i) robust probability distribution of different parameters at multiple time points (both static and dynamic analysis), ii) robust correlation between parameters, iii) robust multi-dimensional analysis, and iv) robust testing of hypotheses 21 . The methods were adopted from methodological sources, published applications, and the tools based on computation system of R-project™.
RESULTS
The demographics, extent and etiology of deep burn trauma of the 18 patients seen at the University Hospital Ostrava between January 2009 and December 2010 are summarized in (Table 1 ). The hospital stay statistics are summarized in (Table 2 ). Despite the length of surgery having been significantly elevated (P<0.02), the length of hospital stay was significantly decreased (P<0.06), and there was a trend to a shorter hospital stay in the DESG/ APC group. Seventeen out of the 18 patients were treated by primary intent and 1 following a secondary disintegration of a partially healed wound on the face. 
Patient evaluation Visual Analog pain scale (VAPS)
results are summarized in (Fig. 1A) . Approximately 78% of patients required analgesics prior to the surgery (Fig. 1B) , but by 14 th postoperative day (the end of the monitoring period) only 6% of patients still required analgesics. The role of inflammation in loss of graft, edema and inflammation is shown in (Fig. 1C,D) . Each individual curve represents the relationship between pain and leukocytes at a given time by means of the conditional probability function denoted Probability {x|y}. The different colors define time and condition: prior to the procedure patients had pain scores of either >2 (out of 10) (black) or < 2 (red); at 7 days patients either had no pain (magenta) or pain > 1 (blue); by the 14th day only 6% of patients had low pain (brown), with scores >1, while the rest were pain free (green).
Visual Analog Pruritus Scale (VAPrS) The use of the combination DESG/APC appeared to markedly reduce the level of pruritus ( Fig. 2A) , an established predictor of hypertrophic scars 20 , compared to historical data (shaded area) and corresponded with greatly reduced antihistamine use (Fig. 2B) . The frequency of patients using antihistamines reached a minimum (17/18 or 94%) at post-operative day 4 and remained at low levels (78% medication free) throughout the observation period (up to 12 months). The few patients remaining on anti-histamines beyond this time did not appear to benefit from the medication. Decrease in pruritus correlated to absence of scarring, and the decrease matches the fact that the majority of patients did not to need antihistamines throughout the observation period (12 months) (Fig. 2C) . Most notably, the patients with pruritus had low levels of eosinophils throughout the study, suggesting that the mechanism of pruritus may not be histamine related (Fig. 2D) .
Graft healing
The healing of the graft was associated with less complications from infections, decreased graft failure and better acceptance by patients than traditionally observed. The degree of wound healing was evaluated and assigned a score, as described in Materials and Methods. By the fourth day, a third of the wounds were >99% healed (Fig. 3) . By the end of the study period (18 days) 94% of the wounds were 99% or greater healed. Prior to surgery, approximately 78% of patients required analgesics, by the 2 nd post-operative day, the number dropped to 56%, by the 4 th post operative to 33% remaining on analgesics, and by 14 th post-operative day (the end of the monitoring period) only 6% of patients require analgesics. C) Impact of Leukocytes on the Pain Evaluated in Visual Analog Pain Scale. The curves are gnostic distribution functions of leukocytes conditioned by a certain level of pain. Each individual curve represents the relationship between VAPS and leukocytes at a given time. Prior to DESG the VASPS some patients had 2/10 pain (black curve), or less than 2/10 pain(red curve), at 7 days, there are patients without pain (purple) and with pain over 1 (blue), by the 14 th day only 6% of patients have pain (brown) over 1 and the rest is pain free (green). D) Interpretation of VAPS using Distribution Functions. The curves represent the conditional probability (in this case probability of c-reactive protein influencing pain). The diversion of the probability curves indicates that 82% of the patients with high CRP also had high pain prior to procedure. At 7 days those with pain and those without pain had nearly the same concentration of CRP, and finally at 14 days those in whom inflammation persisted had high pain (brown) and those with low CRP had no pain (green).
The highest total Vancouver Scar Scale Score was 4 (median) and occurred at 3 months post surgery. After this point, the median VSS score decreased steadily, reaching 2 (the lowest point) at 6 months and remaining at this score for 1 year. This score of 2 was due to hyperpigmentation in the 6 patients. Most importantly, all of the scars were without any marks of hypertrophy or contractures; thus, avoiding the need for secondary intervention or contraction release (Fig. 4) .
While epithelialisation occurred no faster than traditionally observed, the quality of the epithelialisation, as judged by absence of inflammation and good fixation of A) Visual Analog Pruritus Scale (VAPrS): The range of the scale is from 0-10. As evident, degree of pruritus was lower than in patients not treated with DESG/APC (shaded area). Pruritus drops from pre-procedural levels, reaching a nadir at 7 days, and then raising again with healing (B). B) Percentage of Patients using antihistamines. Percentage of patients on antihistamines was used as a surrogate for pruritus and scar formation. On the 2 nd and 4 th post-operative day 17/18 patients (94%), and on 14 th postoperative 14/18 (78%) patients did not require any antihistamines. C) Interpretation of VAPrS and eosinophils using Distribution Functions. Each individual curve represents the relationship between eosinophils and pruritus at a given time. Prior to surgery there was ∼55% of patients who had low levels of eosinophils and high pruritus (note the value at which blue and black curves cross) and the remainder had low eosinophils and high pruritus (blue curve). At 7 days the low pruritus line (purple) and no pruritus lines (red) intersect at about 50%. Decrease of pruritus was correlated to absence of scarring, and the decrease of pruritus is in agreement with the finding that majority of patients continued not to need antihistamines throughout the observation period (12 months). D) Relationship between platelets and eosinophiles analyzed using Distribution Functions. Their inter-relationships reveal that at 7 days there are low eosinophiles and high platelets (significant at 0·1 eosinophiles, red line). At 14 days, platelets decrease, but remain higher with a peak of 600x10 9 /L, and by 3 months both eosinophiles and platelets are in normal ranges. Most notably, the patients with pruritus had low levels of eosionophils throughout the study, suggesting that the mechanism of pruritus may not be histamine related. This would agree with the finding that those patients using anti-histamines to control pruritus do not get relief from the medication. Fig. 3 . Rate of Healing. The rate of wound healing was evaluated on a scale 0-100%. The majority of graft area (more than 99%) was healed in 33% of patients on the 4 th post-operative day, in 61% on the 6 th day, in 67 % on the 8 th postoperative day, in 72% on the 10 th day, 78% on the 12 th day and 94% of patients on the 18 th post-operative day. The healing seen with DESG and platelets occurs earlier is more robust. In our study, patients treated with the combination show a remarkable decrease of scores with maximum scores achieved at 3 month (median=4) and high quality scar (median=2) from 12 months onward. the tissue to the wound bed, was greatly improved. Most grafts (72% of patients) were completely reepithelialised by the tenth day (Fig. 5A) . Improved epithelialisation was also associated with statistically significant suppression of the inflammatory response as measured by decrease in CRP and fibrinogen levels in the plasma of those patients with faster healing wounds (Fig. 5B,5D ). There was no apparent correlation with reepithelialisation rate and leukocyte counts (Fig. 5C ).
Coagulation and Haematological analysis
The evolution of coagulation parameters over time following treatment with DESG/APC was evaluated (Fig. 6) . The tendency for early healing (rate of graft healing <2 on day 4), or late healing (rate of graft healing <2 on day 6), was not related to platelet counts, MPV, or Immature Platelet Fraction (data not shown). The methods of analysis for Coagulation parameters (aPTT, INR, Fibrinogen, Platelets and Thrombin Time) were suggestive of compensated disseminated intravascular coagulation (Fig. 6 ) and are summarized in (Table 4 ). The levels of cellular indicators of inflammation and stress corresponded to the observed clinical decrease of inflammation (Fig. 7) . The normalization of lymphocyte counts reached significance by the 7 th postoperative day (P=0.21), and remained so throughout the early post-operative and late stages (P=0.27) on day 90 (Fig. 7C) . A significant decrease in monocyte counts was also observed throughout the follow up period (day 0-14, P=0.05; day 0-90, P=0.03) (Fig.  7E) , indicating early resolution of inflammatory response, Activation of the coagulation cascade. A clot is necessary for the creation of a platelet rich fibrin/collagen matrix that facilitates early phases of wound healing by providing a scaffold for the migration and homing of inflammatory and mesenchymal cells. While aPTT, TT, INR and platelets are higher than normal at 7 days suggesting a compensated disseminated intravascular coagulation in the first week post procedure, all parameters gradually improve over the 14 days and normalized by 90 days by significant decrease.
Fig. 5. Inflammation during re-epithelialization.
A) Rate of post-operative re-epithelialization. The rate of epithelization was evaluated using a scale from none=3 points, early=2, sustained=1, and full=0. We found that most grafts (72% of patients) were completely epithelialized by 10 th day. B) Conditional distribution functions correlating epithelialization and c-reactive protein (CRP) at 0, 7 and 14 days. It appears that better epithelialization on the 7 th and 14 th post operative day are related to a lower CRP (red and blue line). C) Distribution functions correlating epithelization and leukocyte levels. At 7 days all patients without healing have higher leukocyte counts (purple line) than those that healed (blue line. In contrast at 14 days the patients who have not healed have lower levels of leukocytes, while higher levels of leukocytes are correlated to better healing (red line). However, because the majority of patients (78%) were healed at 14 days, leaving few patients for calculation of this curve, it is difficult to reach the later conclusion. D) Dependence of epithelialization on the fibrinogen levels. Following healing (at 14 days) fibrinogen levels appear to have dropped (red line) to less than baseline (black line at day 0). At 7 days there appear to be only small differences between healers and non-healers.
which corresponded well with perfusion data (Fig. 10) as well as the clinical evaluation of wounds (Fig. 12) . Because the initial values were obtained during acute injury, the comparison was made with the values at 3 months when all patients had healed and exhibited no evidence of inflammation (Fig. 7) . A reactive increase in red blood cells hemoglobin and hematocrit was seen on days 7-90 (Fig. 7B,F) , most likely reflecting no blood loss.
Cytokines analysis
The blood elements carry a cargo of growth factors, inflammatory cytokines and chemoattractants for mesenchymal cells, and we analyzed the relationships between the different cytokines in the initial platelet concentrate used for the grafting. The levels of growth factors in platelets correlated not only with platelet and neutrophil counts and mean platelets volume, but also with the rate of graft healing. A strong inverse correlation was found between the MPV levels and SDF-1 counts. Similarly strong positive correlations were observed between platelets, neutrophils and the amount of growth factors, confirming that VEGF is accumulated in platelets and neutrophils (Fig. 8 ).
Histolopathology
Patients with DESG containing all layers (dermal, epidermal, fibrin/collagen adventitia) (A) appeared to be healing faster and their grafts retained better integrity throughout. Thin grafts (B) usually missed sub-epidermal layers, and resulted in delayed healing, mainly due to lack of firmness and increased secretions, leading to less stable grafts at 3 months. Viable platelets and PDGF could be demonstrated in all patients who received DESG/APC. The cellularity of the germinal layer of the graft correlated with graft viability; conversely, lack of cellularity and increased number of apoptotic nuclei within the germinal layer indicated decreased rate of healing (Fig. 9) . The expression of PDGF (Fig. 9E,F) , and bFGF (Fig.  9C,D) was confined to the germinal layer, an area most commonly inhabited by progenitor cells. The presence of viable progenitor cells was corroborated by histochemical evidence of CD34/PDGF and CD34/ SDF-1 co-localization in the germinal layers (Fig. 9E,F,G,H) .
Laser doppler perfusion, measured in perfusion units (PUs), showed a florid initial perfusion, a gradual decrease in perfusion during the first six days, followed by healing angiogenesis within a one month period (Fig.  10,11 ). All 18 patients had at least one pre-operative scan indicating pathologic post-traumatic inflammation with an increase in perfusion; following grafting, inflammatory reduction is reflected as a relative decrease in perfusion, before a secondary increase in perfusion after 14 days that indicates engraftment and angiogenesis. Following this Clinical evaluation by digital photography was done on day 2, 4, 6, 8, 10 and 14 after surgical procedure (see Fig.  12 ). Patient 1 was burned by melted metal on the job, and he was grafted on the 6 th day post injury, 3 rd degree burns covered 1.75% of TBSA. Complete healing was achieved by 8 days (A3), and a month later a normally pigmented, non-hypertrophic scar devoid of any contractures was noted. Patient 2 burned herself with a garden fire, and received the DESG/APC on 14th day post injury. She had 3 rd degree burns of 2.5% of TBSA on the right thigh, popliteal region and calf of right leg (B1). The wound was completely healed by 8 days, and one moth post-surgery (B4) a well-healed scar devoid of contractures, ulcerations or infections is evident. Patient 3 had burned herself while cooking on the hypothenar area of the palm and dorsum of 5 th and 4 th finger. She had 3 rd degree burns on 1% of TBSA, but involving highly sensitive area of the left hand and fingers. Complete healing was achieved on the 10 th post-operative day. At one month the patient had a fully functional hand, and contraction-less scar.
DISCUSSION
The application of concentrated platelets in the setting of chronic ulcer 22, 23 , cardiovascular surgery 24 , orthopedic surgery 25, 26 , sternum repair after cardiac surgery 27 and spinal injury 28 is increasing. However, in the case of burns, it has not been established whether there is any benefit of platelet therapy. The use of acellular pig dermis matrix consisting of a mesh of collagen and elastic fibres, may result in skin hypertrophy, and cultured keratinocytes lead to thin and unstable grafts 29 . Ideally, new therapies would incorporate progenitor cells capable of differentiating into various dermal cells to increase the quality of healed wounds. Additionally, application of individual agents or scaffolds do not allow for dynamic reciprocity of intercellular interactions that lead to normal tissue regeneration 30 . In this study we attempted to demonstrate benefit through the combination of Dermo-Epidermal Skin Grafts (DESG), which contain progenitor cells within the deep dermal layers, with autologous platelet concentrate (APC), which contains enhanced levels of cytokines and growth factors required to facilitate cellular cross-talk and interactions as well as to enhance recruitment of other cell types resident within bordering host tissues.
The 18 patients treated with DESG/APC were painfree by day 6 (Fig. 1A) , and since persistent pain in patients is due to delayed healing, and loss of graft, this supports an improved healing in DESG/APC treated patients. As seen in Figure 1 , panel B only 6% of patients used analgesics at the end of the 14 day monitoring period. The probability of change in leukocyte counts (or CRP levels) under the condition of pain (Fig. 1C,D) indicate an initial (0-7 days) increase in inflammation, followed by a gradual drop in both CRP and leukocytes as pain disappears. This confirms the existing clinical suspicion that CRP and leukocyte counts are excellent markers/ predictors of pain.
Pruritus (itching, edema and redness) could be directly correlated with healing ( Fig. 2A,B,C,D) . The salient finding from this measurement was that the frequency and severity of pruritus were both 2-3x less than the usually observed 6-10/10 VAPrS (shaded area in Fig. 2A) . The somewhat surprising finding was a lack of correlation between eosinophils, platelets and pruritus, supporting the conclusion that pruritus is not in this case related to histamine release, and would not (and did not) respond to anti-histamine therapy. Lessening of pain and pruritus herald healing. In agreement with this are the findings in In patient 1 (A1-A5) a pre-operative scan, was done on the 4 th post-traumatic day, and showed very low perfusion (46.4 perfusion units, PU), surrounded by inflammatory hallo (A1 on Fig. 10 ). On the 2 nd post-operative day perfusion increased to 176 PU (A2). Next two scans indicate decrease in perfusion to 94 PU on day 4 and to 58 PU on day 8 before a secondary increase in perfusion that occurred with healing, and is evident by a rise to 167 at 93 days. In patient 2 (B1-5) the preoperative scan was acquired 12th post-traumatic day (day -2 of surgery) and showed low perfusion 94·9 PU, raising to 279·2 PU in the first 2 days post-op, before gradually decreasing to a nadir of 39·3 on the 8 th post-operative day, and stabilized between 57·6-118·1 without a secondary peak. In patient 3 (C1-C5) was first scanned 7 days post trauma (day -1), and showed 81·5 PU, raising to 235·4 PU, dropping gradually to 37·2 on the 6 th post-operative day, and stabilizing between 34·2 and 132 PU. figure 11 on straight lines parallel to the Y-axis by color marks. It can be seen in Figure 11 that the large starting variability of RPU is still increasing at time 4D to fall to minimum at 365D. B) Average perfusion units at each of the 11 time points. All 18 patients had at least one pre-operative scan indicating pathologic post-traumatic inflammation with an increase in perfusion (89); following grafting, inflammatory reduction is reflected as a relative decrease in perfusion that reaches a nadir between 6-14 days (PU 71-111 respectively), before a secondary increase in perfusion after 14 days that indicates engraftment and angiogenesis and peaks between 30-90 days (105 PU). Following this secondary peak and tissue regeneration, there is gradual drop in average perfusion to 61 PU at 360 days, indicating restoration of vascular quiescence.
( Fig. 3) showing a gradual increase in the percentage of healed area, with >94% of patients having over 99% of the burned area healed on18 th post-operative day.
One of the most attractive selling features of the combination of DESG and platelets may be the enhanced cosmesis and characteristics of the scar (Fig. 4 and Fig.  12 ). In patients not treated with this combination, scar hypertrophy often occurs 1-3 months post-operatively, and peaks at 3 months. The quality of scar formation and patient's ultimate functionality is best predicted by the speed and stability of epithelialization. While the rate of reepithelialization in patients treated with DESG/APC may not have been higher or faster than traditionally observed, the inflammatory markers normalized faster (Fig. 5 B,C,D) , making the re-eptithelialized wound more stable. Most grafts (72% of patients) were completely reepithelialized by day 10 (Fig. 5A ) creating a natural barrier to infection and preventing usual complications. Because of the minimal cicatrization in patients treated with DESG/APC, they had no need for pressure garments or other scar management.
Activation of the coagulation cascade is seen with any tissue injury (Table 4. ). A clot is necessary for the creation of a platelet rich fibrin/collagen matrix that facilitates early phases of wound healing by providing a scaffold for the migration and homing of inflammatory and mesenchymal cells. While aPTT, TT, INR and platelets are higher than normal at 7 days (black and red in Fig. 7  A,B,C,D) suggesting a compensated disseminated intravascular coagulation in the first week post procedure, all parameters gradually improved over the 14 days (blue) and normalized by 90 days (magenta).
Activation of coagulation also leads to recruitment of platelets to the site. These blood elements carry a cargo of growth factors, inflammatory cytokines and chemoattractants for mesenchymal cells 9, 11 and we analyzed the relationships between the different cytokines (Fig. 8) in the initial platelet concentrate used for the grafting. Both platelets and neutrophils were shown to be a great source of VEGF see (Fig. 8 A,B) , and the VEGF correlated negatively with SDF1, substantiating the very distinct and temporally separated functions of these two cytokines. SDF1 is a chemoattractant for stem cells, whereas VEGF is an initiator of vascular sprouting and is needed only transiently. The histological analysis (Fig. 9 ) supports this interpretation of cytokine progenitor cell interaction, CD34+ progenitors are in the deep dermal crypts and in perivascular regions (Fig. 9E,F,G,H) , whereas the deep epidermis stroma is rich in pro-angiogenic growth factors such as bFGF (Fig. 9 C,D) and PDGF (Fig. 9 E,F) . In contrast, SDF1 co-localises with CD34+ progenitor cells (Fig. 9 G,H) . The final neovascularization is the outcome of a complex network of interactions between transient expression of VEGF (vascular sprout initiation), FGF2 (vascular stalk formation), and PDGF (pericyte recruitment and vessel maturation).
From serial dynamic perfusion studies used to follow up patients grafted with DESG/APC emerged a very characteristic pattern of pathological and physiological angio- 1 was burned by melted metal on the job, and he was grafted on the 6 th day post injury, 3 rd degree burns covered 1·75% of TBSA. On the day of grafting the entire area was necrotic with full thickness damage. On the 6th day (A2) pink granulation tissue well-fixed to the wound bed, and devoid of secretion suggesting a vital skin grafts in over 99% of the surgically treated area. The blue arrowhead points to the Histoacryl ® glue with which the graft is affixed to the tissue. Complete healing was achieved by 8 days (A3), and a month later a normally pigmented, nonhypertrophic scar devoid of any contractures was noted. Heal was the only hyperkeratotic area discolored by iodine. Patient 2 burned herself with a garden fire, and received the DESG/APC on 14 th day post injury. She had 3 rd degree burns of 2·5% of TBSA on the right thigh, popliteal region and calf of right leg (B1). On 6th day a vital skin graft was noted in over 99% of the surgically treated area. The wound was completely healed by 8 days, and one moth post-surgery (B4) a well-healed scar devoid of contractures, ulcerations or infections is evident. Patient 3 had Patient C burned herself while cooking on the hypothenar area of the palm and dorsum of 5 th and 4 th finger. She had 3 rd degree burns on 1% of TBSA, but involving highly sensitive area of the left hand and fingers. She underwent grafting on the 8 th day. On the 6th post-surgical day, fully vital skin grafts were noted on more than 99% of the surgical area. Complete healing was achieved on the 10 th post-operative day. At one month the patient had a fully functional hand, and contraction-less scar. genesis (Fig. 11) . Following the grafting, the pathologic inflammation regresses and a secondary peak occurs at the time of reperfusion, reflecting healthy regenerative angiogenesis between1-3 months.
One of the most important findings of this study was the cost effectiveness of the therapy. Despite the longer operating times, the cost of hospital stay was lower (approximately 25% less) than that of institutional controls who did not receive DESG/APC grafting.
CONCLUSIONS
Our study indicates that DESG/APC is a combination with superior outcomes to the present standard of care and should be embraced widely. Patients treated with DESG/APC had high quality of healing without evidence of scar hypertrophy or contractures. The intervention markedly benefits patients, the community, and health care in general. We showed that even though the length of time for the initial procedure may have been somewhat longer, significant cost savings in hospital stay and subsequent revisions were achieved. 
